SUMMARY Twenty five adults with closed head injury who had early magnetic resonance imaging (MRI) and computed tomography (CT) were followed up 5 
The relationships between physical indices of brain damage and functional deficits are of considerable theoretical and practical importance. Closed head injury represents a particular challenge, because of its combination of diffuse and focal damage.' 2 Computed tomography (CT) typically shows damage in only the most severe cases, and it is now clear that Magnetic Resonance Imaging (MRI) is much more sensitive than CT.34 However, the significance for cognitive function of lesions detected by MRI has not been established.
Jenkins et al.' recently reported the acute CT,
MRI, and clinical features of a series of 50 head injured patients, and noted that MRI detected more lesions than CT. Classification of the patients by the deepest lesion detected by MRI revealed that patients with lesions deeper in the neuraxis showed greater impairment of consciousness on admission. Twenty five of our patients have now had a series of neuropsychological tests and a repeat MRI scan. We had two aims: first, to discover if there was a relationship between the lesions visualised by MRI and neuropsychological function, specifically if the depth of the lesions correlated with psychological Patients When the study commenced early MRI scans were available for 60 head injured patients. Contact was established by letter with 39 of these patients. Ten patients were children (less than 15 years of age) and they were not included in the current analysis. Two patients were too severely impaired to undergo neuropsychological testing, and two 
Results
Patients were followed up between 5 and 18 months after injury (median 11 months). To assess the effect of time since injury the patients were subdivided at the median into 11 tested less than 11 months after injury and 14 tested at 11 months or later, and the groups were compared using t tests. There were no significant differences between the groups on any of the neuropsychological measures, or any variable such as duration of PTA, GCS score on admission, age, localisation of lesion etc. For the purposes of further analysis the two groups were therefore combined.
The numbers of patients in each of the categories derived from the scans are shown in Spearman rank correlation coefficients between the classifications and neuropsychological test performance were computed. The coefficients are shown in table 3. The classification based on early CT yielded one statistically significant correlation, but it was counter to the predicted direction; furthermore, there was little or no evidence of trends in the predicted direction. The classification based on early MRI produced one significant correlation in the predicted direction; in addition, other measures showed nonsignificant trends in the predicted direction. For the classification based on late MRI, there were statistically significant correlations for 11 of the 12 measures.
The relationship between the results of scanning and neuropsychological test performance is strongest for late MRI. Further analysis therefore concentrated on the subgroups based on late MRI. Subgroups (2) (cortical lesions), and (3) (subcortical white matter lesions), contained only small numbers of patients; these subgroups were therefore combined. The means and standard deviations for the neuropsychological measures for the three resulting groups are shown in table 4 . The groups were compared by first using one- The early and late MRI findings were examined with respect to lateralisation of lesions. On early MRI there were 11 patients with unilateral lesions, seven right sided and four left sided, while on late MRI there were 10 such patients, nine right and one left. As might be expected with the relatively small numbers of Early and late magnetic resonance imaging and neuropsychological outcome after head injury patients there were no significant difference between patients with left and right sided lesions on any of the neuropsychological measures.
Discussion
The results show that there is a clear relationship between the depth of abnormality detected by followup MRI after head injury and neuropsychological test performance. The significant correlations were not simply due to the inclusion of a group without detectable brain damage: there were systematic differences within the subgroups of patients with detectable abnormalities. The results show a pattern of correlations in which some neuropsychological tests were more strongly associated with neuroimaging abnormalities than others. The Performance measures of the WAIS, Digit Symbol, Block Design, and Object Assembly, showed particularly strong correlations with neuroimaging abnormalities. This is consistent with previous findings that scores on the Performance measures from the WAIS remain particularly depressed after injury. 13 The Performance measures are all timed tests, and the present results thus suggest that deeper abnormalities may be associated with slower information processing in head injured patients.
CT is less sensitive to early abnormalities than MRI.3 Classification of patients on the basis of early CT did not yield significant correlations in the predicted direction. CT had detected abnormalities in 11 patients, while early MRI detected abnormalities in 23 the basis of the early scans, lesions detected in the first week after injury may well have a bearing on neuropsychological outcome. All but two of the eleven patients with ventricular enlargement at follow up had intracerebral lesions on early MRI. There was, however, a great deal of variability in the individual 396 recoveries made by patients. Indeed the difference between early and late MRI as predictors of outcome can be related to the discrepancy between the early and late MRI scans themselves. For example, one patient with deep abnormalities on early scanning had a normal scan on follow up, while two patients with early subcortical white matter lesions had developed significant atrophy by the time they were imaged again (fig 3) . The present results indicate that the abnormalities which are neuropsychologically significant may only be fully apparent some time after injury.
One of the central puzzles of head injury is why there should be variability in the recovery from injuries that appear clinically similar. The present results point to gradations in injury and to possible distinctions between different forms of diffuse damage. Thus, for example, diffuse damage from hypoxia-ischaemia is predominantly cortical. Contrasts should be sought between primary shearing injuries and secondary ischaemic damage, and we consider that serial MRI investigations of head injured patients are a priority for future research.
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